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TITLE OF THE INVENTION 
EL DEVICE AND ITS FABRICATION PROCESS 
SCOPE OF WHAT IS CLAIMED 

1. An EL device comprising a structure wherein an 
electrically insulating substrate, a first electrode formed 
according to a given pattern, a first insulating layer, a 
light-emitting layer for producing electroluminescence and a 
second electrode are stacked together in this order or a structure 
wherein a second insulating layer is interposed between the 
light-emitting layer and the second electrode in said structure, 
characterized in that said substrate is a ceramic substrate, said 
first insulating layer is a ceramic layer having a high dielectric 
constant, which is obtained by sintering of a starting powdery 
material, said light-emitting layer and said second insulating 
layer are each a thin-film layer, and said second electrode is 
a transparent electrode. 

2. The EL device according to claim 1. characterized in 
that said first insulating layer is a ceramic layer comprising 
a Pb-containing composite perovskite. 

20 3 . An EL device fabrication process, characterized by 

comprising steps of: 

mixing a binder with a starting powdery material composed 
mainly of an oxide to make a slurry and then preparing from said 
slurry a first green sheet by casting. 

mixing a binder with a main starting material comprising 
oxide powders having a high dielectric constant to make a slurry 
and then preparing from said slurry a second green sheet by 
casting, 

printing an electrode or electrodes on said first green 
sheet or said second green sheet or both. 

preparing a multilayer ceramic structure by stacking, 
compression and firing of said first green sheet and said second 
green sheet. 
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forming on said multilayer ceramic structure an EL 
light-emitting layer thin film formed of ZnS:Mn, ZnS:TbF 3 or the 
like, and 

forming a transparent conductive thin film that provides 
5 a transparent electrode. 

DETAILED EXPLANATION OF THE INVENTION 
FIELD IN WHICH THE INVENTION IS UTILIZED 
The present invention relates to an El (electro- 
luminescence) device that is used for flat panel displays and 
10 surface illuminants. and its fabrication process. 

PRIOR ART AND ITS PROBLEM 
Since the discover in 1936 of the so-called 
electroluminescence - a process wherein a fluorescent material 
emits light at an applied voltage, numerous studies and 
15 developments have been made for the purpose of applying it to 
surface illuminants and displays. A variety of EL device 
constructions have been put forward and investigated. At the 
present time, however, AC driving thin -film EL devices having 
an insulating thin film inserted thereinto, because of being 
excellent in luminance properties and stability, are practically 
used for various displays. Fig. 2 is illustrative of one basic 
structure of a typical double-insulating type of thin-film EL 
device (SID74 digest of technical papers, page 84). Provided 
on a transparent glass substrate 21 is a multilayer thin-film 
structure comprising a transparent electrode 22 formed of an ITO 
or Nesa film, etc. . a thin-film form of first insulating layer 
23, a thin -film light -emitting layer 24 comprising a fluorescent 
thin film capable of producing electroluminescence, e.g.. ZnSrMn, 
a thin-film form of second insulating layer 25 and a back 
electrode 2 6 formed of an Al thin film or the like. The first 
and second insulating layers are each a transparent dielectric 
thin film of Y 2 0 3 , Ta 2 0 5 , A1 2 0 3 , Si 3 N 4 . BaTi0 3 . SrTiO a . etc.. which 
is formed by sputtering, evaporation or the like. Such 
insulating layers are provided to limit currents passing through 
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the light-emitting layer, thereby making contributions to 
improvements in the operation stability and light emission 
performance of the EL device, and to protect the light-emitting 
layer against moisture and contamination with harmful ions, 
thereby improving the reliability of the EL device. However, 
even such a device has some practically grave problems. One 
problem is that it is difficult to reduce the dielectric breakdown 
of the device to nil over a wide area . resulting in limited yields . 
Another problem is that voltages are applied on the insulting 
layer in a divided manner, and so there is an increase in the 
voltage that must be applied on the device for light emission. 
To solve the aforesaid dielectric breakdown problem in 
association with the device, it is required to make use of an 
insulating layer material having improved dielectric strength 
15 properties. Regarding the light emission driving voltage, the 
capacity of the insulating layer should preferably be as large 
as possible to reduce the division of voltages applied on the 
insulating layer. In view of the operation principle of such 
an AC driving type of EL device, the currents flowing through 
20 the light-emitting layer contributing to light emission is 

nearly proportional to the capacity of the insulating layer. In 
consideration of both decreased driving voltages and increased 
light emission luminance, it is thus important to increase the 
capacity of the insulating layer. In other words, the insulating 
25 layer to be used must be high in dielectric strength and large 
in capacity. Dielectric constant (e) x dielectric breakdown 
field (Eb.d. ) is now widely used as a measure of to what degree 
an insulating layer material is improved from such a point - 
of-view. This £• Eb.d. value should practically be at least about 
three times as large as the s- Eb.d. value (about 1.3 uc/cm 2 ) of 
a ZnS light-emitting layer (IEEE Trans Electron Devices ED-24. 
page 903 ( 1977 ) ) . Even with an insulating material having a very 
large Eb.d. value yet a small s value, an insulating layer having 
an increased capacity may be achieved if its thickness is very 
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small. Practically, however, it is very difficult to reduce 
defects such as minute contamination and deposition of fine 
particles to nil over the wide area needed for displays and 
surface illuminants ; it is unreasonable to make use of an 
5 insulating layer as thin as several hundred A or less . From such 
a standpoint, the use of a thin film having a high dielectric 
constant is now under investigation. In one effort, a PbTi0 3 
film formed by a sputtering process, for instance, is used as 
an insulating layer for low-voltage driving ( IEEE Trans Electron 
10 Devices ED-28. page 698 (1981)). The sputtered PbTi0 3 film 

exhibits a dielectric strength of 0 . 5 MV/cm at a maximum relative 
permittivity of 190. However, this is impractical because the 
substrate temperature for PbTi0 3 film formation must be brought 
up to about 600° C. A SrTi0 3 film formed by sputtering is known 
15 as a thin film having a relatively good e-Eb.d. value (Japan 
Display - '83. page 76 (1983)). This sputtered SrTiO, film has 
a relative permittivity of 140, a dielectric breakdown voltage 
of 1.5 to 2 MV/cm. and an e-Eb.d. value of 19 to 25 uc/cm 2 . This 
e-Eb.d. value is much better than that of PbTi0 3 . say. 7 jic/cm 2 . 
20 However, there are practically grave problems, because the 

substrate temperature for the SrTiO a film, too. must be brought 
up to 400° C during film formation, and because the blackening 
of an ITO transparent electrode by reduction occurs during film 
formation. The SrTi0 3 film has another defect of being poor in 
25 adhesion to the ZnS light-emitting layer. In addition, a 

thin-film EL device obtained by use of these insulating layers 
having a relatively high dielectric constant is more susceptible 
to a practically fatal propagation type of dielectric breakdown 
than a self-healing dielectric breakdown wherein breakdown is 
finished up while leaving minute broken holes behind. 

As mentioned above, it is thus practically difficult to use 
an insulating thin- film layer having a high dielectric constant 
and a large s-Eb.d. value, thereby ensuring low- voltage driving. 
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high luminance, light emission performance, and stability to 
dielectric breakdown. 

For the thermal treatment step to improve the stability and 
properties of an EL device, an expensive glass that is free from 
5 any alkali and has a high softening point must be used as the 
substrate, and this is one reason for an increase in the cost 
of the thin-film EL device. Even when such expensive glass is 
used, it is required to limit the process temperature to 600" C 
or less. The ITO film used as a transparent electrode is not 

10 fully low . When the ITO film is used with an increased thickness . 
the edges of the transparent electrode is susceptible to 
dielectric breakdown; that is. it is required to reduce the 
thickness of the transparent electrode down to about 0 . 2 urn or 
less. As a result, it is impossible to reduce the resistance 

15 of the electrode to a sufficient low level, resulting in an 
obstacle to the achievement of a display having a larger area 
and a larger display capacity than ever before. 

With a conventional thin -film EL device which is made up 
of expensive constituting materials with limited yields and for 

20 which a costly driving circuit of high breakdown strength is 
needed, as explained above, it is impossible to achieve an 
inexpensive display and it is difficult to achieve a large display 
area . 

OBJECT OF THE INVENTION 

25 An object of the present invention is to provide an EL device 

having high reliability and low-voltage driving performance and 
capable of emitting light at high luminance, thereby providing 
a solution to such problems as mentioned above in association 
with a conventional thin-film EL device comprising a multilayer 

30 thin film formed on a glass substrate, and its fabrication 
process . 

EMBODIMENTS OF THE INVENTION 
According to the present invention, there is achieved an 
EL device of the construction comprising a multilayer ceramic 
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structure comprising a ceramic substrate, a thick-film electrode 
formed according to a predetermined pattern and a first 
insulating layer formed of a high dielectric constant ceramic 
material and prepared by a green sheet process . on which structure 
a thin-film light emitting layer of ZnS:Mn. ZnS:TbF 3 . ZnS:SmF 3 
or the like and a transparent electrode comprising an ITO or other 
transparent conductive film are stacked with or without a 
thin-film form of second insulating layer. There is also 
achieved an EL device fabrication process wherein said 
multilayer ceramic structure comprises as the first insulating 
layer a Pb-containing composite perovskite, and is prepared by 
low- temperature firing at 1.000" C or less. 

DETAILED EXPLANATION OF THE EMBODIMENTS 
One basic structure of the EL device according to the present 
15 invention is shown in Fig. 1. Basically, the EL device of this 
invention is made up of a multilayer ceramic structure comprising 
a ceramic substrate 11. a thick-film form of first electrode 12 
and a first insulating layer 13 formed of a high dielectric 
constant ceramic material as well as a thin-film light emitting 
20 layer 14, a thin-film form of second insulating layer 15 and a 
transparent second electrode 16. all formed by vacuum 
evaporation, sputtering. CVD or the like. It is here noted that 
it is acceptable to dispense with the thin-film form of second 
insulating layer, thereby obtaining a single-insulating 
25 structure. The light-emitting layer and the second insulating 
layer may be similar to those in an ordinary thin-film EL device. 
In short, the EL device of this invention is characterized in 
that the substrate, first electrode and first insulating layer 
are constructed in the form of a multilayer ceramic structure 
prepared by the stacking and firing of green sheets and the first 
insulating layer is constructed of a material having a high 
dielectric constant . The EL device of this invention is further 
characterized in that the first insulating layer is formed of 
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a Pb-containing composite perovskite material, and so can be 
prepared by a low- temperature firing process. 

It is here understood that the EL device of the present 
invention is designed in such a way as to view displays through 
5 the transparent electrodes stacked sequentially on the ceramic 
substrate . Unlike an ordinary EL device using a glass substrate . 
the ceramic substrate, the first electrode, and the first 
insulating layer is not necessarily transparent to light. 
Rather, they should preferably be deeply colored for display 
10 contrast enhancement effects. 

Such a multilayer ceramic structure as mentioned above may 
be fabricated by an ordinary green sheet stacking technique. To 
be specific, a binder is mixed with a starting ceramic material 
providing a substrate to form a slurry. Then, a green sheet is 
prepared from the slurry by casting. The first electrode that 
provides an internal electrode in the ceramic body is printed 
on the green sheet as by screen printing. By a similar step, 
another green sheet to provide the first insulating layer is 
formed, starting from a dielectric material having a high 
dielectric constant. It is here noted that the thick-film form 
of first electrode may be formed by printing on said another green 
sheet. These green sheets to provide the substrate portion and 
the first insulating layer are stacked and compressed together 
in such a way that the thick-film electrode surface is embedded 
therein. Then, firing is carried out to obtain the multilayer 
ceramic structure portion. Although the substrate portion may 
be formed of the same material as that for the first insulating 
layer, it is noted that the substrate portion should preferably 
be formed of an inexpensive, low-dielectric-constant insulating 
ceramic material based on alumina or with glass frit incorporated 
therein for the purpose of reducing material cost or increasing 
electrode capacity. In an EL device, light is emitted from a 
portion defined by the first and second electrodes. Thus, the 
electrodes have combined functions of current supply and pixel 
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display, and are formed according to any desired patterns 
depending on their application to various displays. 

The first electrode is easily patterned by a printing 
process. For a display panel built up of EL devices, it is 
5 usually unlikely that extremely fine electrode patterns are 
demanded. In other words, the screen printing process suffices 
for that purpose, and has a merit of being capable of forming 
an electrode over a large area yet at low costs. Where a fine 
pattern is demanded, it is acceptable to form a fine pattern for 

10 a thick-film electrode by use of photolithography. 

In the EL device of the present invention, the thin-film 
light-emitting layer is formed on the multilayer ceramic 
structure with the electrode embedded between the first 
insulating layer and the substrate, as explained above. By 

15 constructing the insulating layer - which is an important element 
for an AC type EL device - of a ceramic material, it is possible 
to enhance the capacity and dielectric breakdown strength of the 
insulating layer. A insulating thin film in a conventional 
thin-film EL device has a relative permittivity of about 5 to 

20 25 when formed of a generally available material, and about 100 
to 200 even in the case where it is a PbTi0 3 thin film fabricated 
under severe fabrication conditions. With the ceramic material 
obtained by firing the green sheets according to this invention, 
a relative permittivity as high as 10 , 000 or greater can be easily 

25 achieved by selection of a suitable high dielectric constant 
material. This ceramic material, because of having such a high 
dielectric constant, can have an e-Eb\d. value of a few tens times 
to one hundred times as large as that of a conventional thin- film 
insulating layer. Accordingly, even when formed at a thickness 

30 of , e.g. , 30 pm, the first insulating layer can have a capacity 
that is two orders of magnitude greater than that of a generally 
available insulating layer of Y 2 0 3 , Si 3 N 4 , Ta 2 0 5 , A1 2 0 3 or the like 
used for a conventional thin-film EL device. Even as compared 
with the aforesaid PbTi0 3 or SrTiOa thin film, this insulating 
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layer can easily have a capacity that is about 10 times as large 
as their capacity. With this insulating layer, a dielectric 
breakdown-free device can be achieved because it can be used even 
at a thickness as thin as a few tens urn. By use of the high 
5 dielectric constant ceramic insulating layer, it is thus 
possible to achieve an insulating layer that is stable to 
dielectric breakdown yet has a large capacity, so that light can 
be emitted with high luminance even in a low-voltage driving mode . 
Such a high dielectric constant insulating ceramic layer 
10 may be fabricated by a green sheet process with improved thickness 
uniformity and over a large area at low costs. The thickness 
should preferably be a few pm or greater in consideration of 
production problems and device stability . The insulating layer . 
if made thick, may be improved in terms of stability to a local 
15 dielectric breakdown. As a matter of course, however, the 

capacity decreases in inversely proportional to the thickness, 
in addition, the thick insulating layer, when used in the form 
of a display device, offers a crosstalk problem with respect to 
adjacent display pixels. Thus, the insulating layer should 
20 preferably have a thickness of 300 pm or less. To take full 
advantage of the EL device of the present invention, this ceramic 
layer should preferably have a relative permittivity of 100 or 
greater. By use of the green sheet process, a ceramic material 
having a dielectric constant as high as about 1.000 to 20.000 
25 may be fabricated from a variety of material compositions. In 
general, however, it is required to use an elevated firing 
temperature in an oxidizing atmosphere and an expensive noble 
metal paste such as Pt . Au or Pd paste is needed for the first 
electrode. Among special materials based on BaTi0 3 . there is 
a material that can be sintered in a neutral reducing atmosphere. 
In this case, nickel may be used as the electrode material. In 
consideration of ease of fabrication and stabilized properties, 
however, it is most preferable to use such a low- temperature 
firing type of high dielectric materials as represented by 
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Pb-containing composite perovskite . Besides, inexpensive Ag or 
Ag-Pd alloys containing a large amount of Ag may also be used. 

The light-emitting layer, etc. are formed on the aforesaid 
multilayer ceramic structure by a thin-film process such as 
evaporation or sputtering, so that the EL device of the present 
invention can be obtained. In view of improvements in the 
surface state of the device, it is preferable to polish the 
surface of the multilayer ceramic structure prior to light - 
emitting layer formation. However, no troublesome problem 
arises even when the light-emitting layer is formed directly on 
the structure without polishing. 

EXAMPLE 

A binder was mixed with powders composed of alumina and lead 
borosilicate glass to form a slurry. Then, the slurry was formed 
by a casting film- formation process into a green sheet to provide 
a ceramic substrate of 0 . 7 mm in thickness. An Ag-Pd paste 
consisting of 85 at% of Ag and 15 at% of Pd was formed by screen 
printing on the ceramic green sheet according to a striped pattern 
of 0 . 3 mm in width and 0 . 5 5 mm in pitch. A binder was mixed with 
pre-fired powders of Pb<Fe 2/3 W 1/3 ) 0 .3<Fe 1/2 Nb 1/2 ) 0 . 7 O 3 used as a 
low- temperature firing Pb-based composite perovskite material, 
and the resulting mixture was then formed by a casting film- 
formation process into a green sheet for the first insulating 
layer of 40 pm in thickness. This green sheet was stacked and 
compressed on the substrate green sheet with the aforesaid 
electrode pattern printed thereon. After unnecessary end 
portions of the assembly had been cut off. the assembly was fired 
at 9 50" C to prepare a multilayer ceramic structure. Upon firing, 
a shrinkage of about 10% occurred but any warpage did not . Then. 
ZnS:Mn was vacuum evaporated to a thickness of 0.3 pm by co- 
evaporation of ZnS and Mn . For improvements in properties, a 
two-hour thermal treatment at 650' C was carried out in Ar. 
Following this , a TaAlO insulating layer was formed to a thickness 
of 0.3 pm by means of a sputtering process using a target 
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consisting of a mixture of Ta 2 O s and A1 2 0 3 . thereby forming a second 
insulating layer. Then, an ITO film was formed to a thickness 
of 0.4 pm by means of a sputtering process, and located at right 
angles with respect to the aforesaid Ag-Pd thick-film striped 
electrode, whereupon it was etched at a width of 0 . 3 mm and a 
pitch of 0.5 mm to obtain a transparent striped electrode. 

It is here understood that the ITO film, because of being 
as thick as 0.4 pm. could have its area resistance reduced down 
to about 5 _. 

In the thus fabricated EL device, the first ceramic 
insulating layer undergoes little or no voltage drop because its 
capacity is very large, and the crystallographic properties and 
Mn distribution of the light -emitting layer are improved by the 
high- temperature thermal treatment . These are combined with low 
15 electrode resistance to contribute to improved performance . For 
instance, the light-emission start voltage by the application 
of an AC pulse voltage was as low as 55 V and the light -emission 
luminance was about 500 cd/m s at 80 V and 500 Hz. Referring here 
to a single- insulating structure from which the thin-film form 
20 of second insulating layer was removed, the light-emission 

efficiency became worse due to a large current value. However, 
the light -emission start voltage was as low as about 40 V with 
a similar light-emissi.on luminance. The device according to 
this embodiment was not subjected to any dielectric breakdown 
25 at all even with the application of voltages of up to 200 V, 
showing that it has high stability. 

Such improved light -emission performance and stability as 
mentioned above were also achievable when the light -emitting 
layer was formed of materials other than ZnS:Mn, e.g. . ZnS:TbF 3 
for green emission, and ZnS:SmF 3 for red emission. This 
indicates the effectiveness of the EL device structure according 
to the present invention. 

EFFECT OF THE INVENTION 
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As explained above, the EL device of the present invention 
has high stability and can be driven at low voltages and emit 
light with high luminance and high contrast. In addition, the 
EL device can be low in electrode resistance, and so enables 
displays from segment displays to dot matrix displays of large 
display capacity. Little or no destruction of the device due 
to dielectric breakdown results in improvement in yields, and 
the use of the multilayer ceramics and thick-film process makes 
it possible to reduce costs as compared with much use of expensive 
glass substrates and thin-film processes. Furthermore, 
lower-voltage driving gives rise to considerable reductions in 
the cost of the driving circuit portion. Thus, the present 
invention is of great industrial value. 

BRIEF EXPLANATION OF THE DRAWINGS 
15 F ig. l is a schematic representation in section of the EL 

device according to the present invention. Fig. 2 is 
illustrative of one structure in section of a conventional 
thin-film EL device. 

11: ceramic substrate, 12: thick-film form of first electrode. 

20 13: first ceramic insulating layer having a high dielectric 
constant. 14, 24: thin-film light-emitting layer. 15. 25: 
thin-film form of second . insulating layer, 16: second 
transparent electrode. 21: glass substrate. 22: transparent 
electrode. 23: thin-film form of first insulating layer, and 24: 

25 back electrode. 
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